In the absence of natural avor conservation, multi-Higgs doublet models generally contain new sources of C Pviolation and anomalous charged Higgs Yukawa couplings. We present a chargedHiggs C Pviolation study of one such t wo-Higgs doublet model 2HDM which treats the top quark di erently from the other quarks. The phenomenological implications for the K K system and for B decays di er signi cantly from those of the standard model SM and of the 2HDM's with natural avor conservation. In particular, the SM phase in this model could take a wide range of values, and the C Pasymmetry in the gold-plated" decay m o d e B ! J=KS could be quite di erent from and even of opposite sign relative to the SM prediction. A new mechanism is also noted for generating a large neutron electric dipole moment which is close to the present experimental limit.
I. INTRODUCTION
Though C Pviolation has only been observed in the neutral kaon system, both the standard model SM and its many extensions predict large C P -violating e ects in B decays. One of the main programs at the B factories is to test the SM Cabibbo-Kobayashi-Maskawa CKM paradigm of C Pviolation through, for example, measurement of the angles of unitarity triangle. In particular, the angle CKM arg ,V cd V cb =V td V tb can becleanly related within the SM to the C Pasymmetry in the gold-plated" decay of B ! J=K S . The current SM t already places quite a nontrivial constraint on this angle: sin2 CKM = :75 :10 1 . Therefore direct experimental measurement of the angles of the unitarity triangle with values in gross disagreement with the SM expectation will bea clear signal for new sources of C Pviolation. It is thus important to explore the pattern of C Pviolation in B decays in di erent models of C Pviolation. Two Higgs doublet models 2HDM without natural avor conservation 2,3 NFC, also called Model III 4 , contain in general both tree-level avor-changing neutral Higgs FCNH couplings and new C P -violating phases beside the CKM phase. The phenomenology of this class of models thus di ers signi cantly from that of the much studied 2HDM's with NFC i.e., Models I and II 5 where neither tree level FCNH couplings nor new C Pviolating phases are present. It is worth noting that the abandonment of NFC is not against any fundamental principle and in fact it opens up many possibilities for avor physics. Depending on the ansatz for FCNH couplings, type III2HDM need not run into problems with the low energy data such as K K mixing. In this talk, we present a C Pviolation study of a speci c type III2HDM introduced in 6 where the top quark is treated di erently than the other quarks. As will beshown, the charged Higgs sector of the model could lead to a distinctive pattern of C Pviolation in B decays even after imposing all the experimental constraints.
II.THE T2HDM
The top-quark 2HDM T2HDM 6 distinguishes itself from 2HDM's with NFC by the special status it gives to the top quark, as evidenced in the Yukawa couplings, Talk presented by G.-H. Wu at DPF'99, Los Angeles, California, 5-9 January 1999. 2 , and that the mass hierarchy between the top quark and the other quarks is understood as a result of the hierarchy between the VEV's of 2 and 1 . This form of the Yukawa interactions can beseen as a consequence of some discrete symmetry. Denoting the ratio of the two VEV's by tan = v 2 =v 1 , the model then requires a large tan in accordance with the large mass ratio of the top and bottom quarks, m t =m b . In our analysis, we will always take tan 10. 
III.EXPERIMENTAL CONSTRAINTS
A. the K K system
Recall that there exists no tree level FCNH coupling among the down-type quarks in the present model. The most important contribution to the K K system from the charged Higgs sector is associated with the H H c c box diagram which has a huge enhancement factor of tan 4 . Therefore, both the K K mass di erence m K and the CP violation parameter K are expected to place stringent constraints on the parameter space of the model. 1: m K
In the SM the short-distance contribution to m K is dominated by the charm quark and the long distance contribution can not beestimated reliably though is expected to bequite signi cant 8 . Including both the SM and the charged Higgs e ects, we obtain in the T2HDM the total short distance contribution to the mass di erence as,
where the rst term is the SM charm contribution and the second term is due to the dominant H H c c box diagram. Here B K is the usual bag factor, c = V cs V cd , and 1 and 0 1 are the QCD corrections to the two box diagrams. The SM top quark contribution is a few percent of the charm quark e ect and is not included here. Similarly, in comparison to the H H c c box diagram, the contributions from W H c c and other box diagrams are small in the large tan limit and are ignored.
To numerically deduce the allowed parameter space subject to the m K constraint, we use the method described in 1 for error analysis. Assuming the magnitude of the long distance contribution to m K to beno larger than 30 and simply taking 0 1 = 1 , we nd the 95 C.L. limit, m H = tan 2 0:48 GeV 6 which is valid for tan 10. As a result of the tan 4 dependence in m K , this constraint puts a severe lower bound on the charged Higgs mass when tan is large. By comparison, the charged Higgs e ect on m K in 2HDM's with NFC is suppressed by cot 4 and is thus negligible. Note also that the short distance e ect is independent of the mixing parameter of the T2HDM.
2: K Unlike m K , the C Pviolation parameter K is short distance dominated. In the SM, the dominant component of K comes from the tt and tc box diagrams. The complete expression and its numerical evaluation, including the next-to-leading-order NLO QCD corrections, can befound in 8 . The charged Higgs contribution to K is still dominated by the charm quark, with the imaginary part of the H H c c box diagram now dependent on both the magnitude and the phase of . More explicitly, this contribution from charged Higgs exchange is given by, This picture changes dramatically in the T2HDM where the charm Yukawa's are greatly enhanced relative to those in Model II.Consequently, both top and charm loops involving charged Higgs exchange become important.
Furthermore, both amplitudes become complex due to their dependence on the new phase . As a result, the charged Higgs amplitude can interfere either constructively or destructively with the SM amplitude depending on the phase . The bound on the charged Higgs mass will bedependent on both tan and , and a relatively light Higgs can still beallowed.
For the numerical estimate, we will simply neglect the e ect of the scalar operator c R b L s L c R induced from Higgs exchange, and concentrate on the e ect due to the charged Higgs correction to the matching condition for the leadingorder LO Wilson coe cient C 
V. DISCUSSION
The analysis for B ! J=K S can be straightforwardly extended to other B decay modes 15 . Of particular interest are those decays where the SM prediction for the CP asymmetry is zero or very small. These include B s ! J= , B s ! J=K S , and some others. In the T2HDM, it is not hard to see that the C Pasymmetries for these two decays are sin 2, and thus could beof order tens of percent. Indeed, a simple C P -violating pattern can beobtained for the various B decays that is quite distinctive from the SM prediction.
The complex, enhanced charm Yukawa for H + c R d L provides an interesting scenario for generating a sizable neutron electric dipole moment EDM via a one loop diagram with virtual charm and H + . Two v ertices of the diagram involve charm quarks of opposite chirality in order for the diagram to have an imaginary piece. Using the non-relativistic quark model relation between the neutron EDM and quark EDM, one has, H + c R d L coupling a complex piece that is proportional to V td . The top-quark 2HDM provides one example for new C P -violating phases and non-standard charged Higgs Yukawa couplings which should begenerally present in multi-Higgs doublet models when natural avor conservation is not enforced. Although one need not take this particular model too seriously, the interesting phenomenological implications of avor violation in general deserve further investigation.
